Creep rupture behaviour of 2.25Cr-lMo and 9Cr-lMo base metals and weld joints has been studied at 823 Κ over a stress range of 100-250 MPa. In the stress range examined, 2.25Cr-lMo steel showed better creep rupture strength compared to 9Cr-lMo steel. Both the weld joints displayed a creep rupture strength inferior to those of their respective base metals. Failure occurred in the respective intercritical region of the heat affected zone (HAZ) in both the steel weld joints. At a given applied stress, the difference in rupture life of base and weld joint was more pronounced in 2.25Cr-lMo steel than in 9Cr-lMo steel and this difference increased with decrease in applied stress. As the presence of Mo 2 C precipitate imparts creep resistance to 2.25Cr-lMo steel, its absence in the intercritical HAZ region of the joint is held responsible for its poor creep life. On the other hand, 9Cr-lMo steel which is strengthened by solid solution hardening and dislocation substructure, is less prone to degradation in the intercritical region. Also, the presence of δ-ferrite in the coarse grain region of HAZ of 9Cr-lMo steel reduces its grain growth tendency and also its susceptibility to intergranular creep cavitation compared to 2.25Cr-lMo steel.
INTRODUCTION
Cr-Mo ferritic steels are extensively used as structural materials in steam generating system of both 
EXPERIMENTAL DETAILS
Plates of 2.25Cr-lMo as well as 9Cr-lMo steel were welded by manual metal arc welding process using basic coated 2.25Cr-lMo and yCr-lMo electrodes respec- The chemical compositions of the base and weld metals for the two materials are listed in Table- 1. The weld joints were examined by radiography for their soundness and were later subjected to a post weld heat treatment at 973 Κ for 60 minutes followed by air cooling.
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Base metal and weld joint specimens of 5 mm diameter and 50 mm gauge length were machined from the weld pads. Creep tests were carried out at 823 Κ over a stress range of 100-250 Μ Pa. The temperature was controlled within ±2 Κ over the entire gauge length.
The creep elongation was measured continuously during the tests. All the tests were run to fracture.
Optical metallographic examination of the polished sections of both the weld joints was carried out in the as-welded, PWHTed and creep tested conditions. The etchants used were 2% Nital and Villela's reagent for 2.25Cr-lMo and 9Cr-lMo steel respectively. Vickers hardness measurements under a load of 50 grams were carried out on the weld joints of both the steels.
EXPERIMENTAL RESULTS

Microstructures
The microstructure of 2.25Cr-lMo base metal in the normalized (1223 Κ for 17 min) and tempered (1003 Κ for 60 min) condition consisted of about 70% granular bainite and 30% proeutectiod ferrite (Fig-la) . The microstructure of 9Cr-lMo base metal in the normalized (b) 
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(1223 Κ for 15 min) and tempered (1053 Κ for 120 min) condition exhibited tempered lath martensite (Fig-lb) .
In both the steels, the prior austenite grain boundaries as well as the lath boundaries (for 9Cr-lMo) were decorated with precipitates.
The bulk of the weld metal microstructure in 2.25Cr-lMo steel had a morphology characteristic of upper bainite and identifiable by its lath-like arrangement of ferrite (Fig-2a) . Lath boundaries were decorated with carbides. Weld metal in 9Cr-lMo steel (Fig-2b ) was predominantly martensitic with stringers of δ-ferrite mostly along prior austenite grain boundaries and also between the martensitic laths.
The microstructure of the HAZ in 2.25Cr-lMo steel consisted of coarse grain (« 120 μπι ) bainite (Fig-3a) (b) adjacent to the affected base metal. The microstructure of 9Cr-lMo HAZ revealed as coarse grain («80 μηι) martensite with δ-ferrite mostly along the prior austenitic grain boundaries or between the martensitic laths (Fig-4a) , coarse grain 60 pm) martensite without δ-ferrite (Fig-4b) followed by fine grain (« 15 μιτι) martensite (Fig-4c ) and intercritical region (Fig-4d ) adjacent to unaffected base metal.
Creep Results
Typical creep curves for the base metal and the weld joint at 150 MPa for both the steels are shown in Fig-5 .
Creep behaviour was well characterized by a small instantaneous strain on loading followed by well-defined primary, secondary and tertiary creep regions. Generally, weld joints exhibited relatively shorter primary and secondary stages of creep compared with their respective base metals.
The log-log variation of steady state creep rate (έ 5 ) with applied stress (σ) for all the material conditions is shown in Fig-6 . In all cases, the steady state creep data could be described by a power-law relation i.e. t s = Ασ η , where η is the stress exponent and A is a material constant. In the stress range examined 2.25Cr-lMo showed better creep strength than that of 9Cr-lMo steel. TIME.h between martensitic laths in 9Cr-lMo steel (Fig-4a) . On the other hand, HAZ near the fusion boundary is coarse grain bainite free of δ-ferrite in 2.25Cr-lMo steel (Fig-3a) . The presence of δ-ferrite in 9Cr-lMo steel restricts the grain growth. Therefore, the grain size in the coarse grain region of HAZ was smaller in 9Cr-lMo ( « 80 μπι) than in 2.25Cr-lMo («120 μιτι). When the peak temperature attained is above Ac 3 but below Ac 4 , the carbides which impede the austenite grain growth dissolve and hence coarse grain austenite would develop. On cooling this region transforms to a coarse grain martensite free of δ-ferrite in 9Cr-lMo steel (Fig-4b) . The grain size decreases with increasing distance from fusion boundary as the peak temperature experienced decreases, resulting in fine grain martensite in 9Cr-lMo steel (Fig-4c ) and fine grain bainite in 2.25Cr-lMo steel (Fig-3b) . When the peak temperature 
Creep Behaviour
In the stress range investigated, 2.25Cr-lMo steel base metal showed better creep rupture life compared to 9Cr-lMo steel (Fig-7) . This difference in the rupture lives decreased with decrease in stress and it is possible that at still lower applied stresses pertinent to service, (Fig-9) clearly established that the creep strain became progressively localized within the intercritical region of HAZ as the creep test progressed, indicating that the intercritical structure is the weakest of all in the HAZ. The local strain accumulation in the intercritical region was also reflected in the faster creep rate of weld joint specimens (Fig-6 ). Comparing the strain distribution profiles of 2.25Cr-lMo weld joint with those of 9Cr-1 Mo weld joint it is evident that creep deformation was relatively more uniform across the gauge length for longer creep exposure time in 9Cr-lMo steel than that in 2.25Cr-lMo steel. This indicates that the microstructural degradation in 9Cr-lMo ferritic steel due to thermal exposure (during welding thermal cycle ) and creep exposure is less compared to that in 2.25Cr-lMo ferritic steel.
In an attempt to assess the strength in the different constituents in HAZ of both the steels, these constituents were simulated by isothermal heat treatments /13,15/. At a given applied stress, the difference in the rupture life of the base metal and weld joint was more pronounced in 2.25Cr-lMo steel than in 9Cr-lMo steel and this difference increase with decrease in applied stress (Fig-7) . Larger differences in tensile strength between base metal and simulated intercritical structure 2) At a given applied stress, the difference in rupture life of base metal and weld joint was more pronounced for 2.25Cr-lMo steel than for 9Cr-lMo steel and this difference increased with decrease in applied stress.
3) Poor creep strengths in weld joints had been attributed to the microstructural degradation in the intercritical region of Η AZ in both the steels.
4) The presence of soft δ-ferrite in the coarse grain region of HAZ in 9Cr-lMo weld joint, restricted grain growth and reduced its susceptibility to intergranular creep cavitation compared to coarse grain region of2.25Cr-lMo weld joint.
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